The room temperature reaction of C6F6 or C6F5H with [Ru(IEt2Me2) 3
formation of both C-F and C-CF3 bonds, 2, 3 as well as enantioselective transformations of fluorine containing substrates. 4 Transition metal NHC complexes have also been employed for C-F bond formation through hydrofluorination, [5] [6] [7] but have perhaps received more attention in processes in which C-F bonds are broken (Scheme 1), either through cross-coupling 8 or, of particular relevance to the work reported in this manuscript, hydrodefluorination (HDF).
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Scheme 1
Prompted by our studies over a number of years on catalytic HDF of fluoroaromatic substrates using ruthenium NHC hydride precursors and the elucidation by DFT calculations of a mechanism involving nucleophilic hydride attack, [10] [11] [12] [13] we have set out to investigate the catalytic effectiveness of Ru NHC species containing increasingly more nucleophilic Ru-H ligands. Very recently, we reported an example of such a species in the form of the mixed carbene-phosphine complex [Ru(IEt2Me2)2(PPh3)2H2] (1; IEt2Me2 = 1,3-diethyl-4,5-dimethylimidazol-2-ylidene). 14 The unusual trans-arrangement of the two hydride ligands imparts highly nucleophilic character to Ru-H, as evidenced by the formation of methane and [Ru(IEt2Me2)2(PPh3)2HI] upon addition of the electrophile MeI. We now report our initial findings on both the stoichiometric and catalytic reactivity of 1 towards aromatic fluorocarbons. As hoped for, the complex displays high activity for the catalytic HDF of C6F6, undergoing up to five HDF steps in generating fluorobenzene.
Results and Discussion
Stoichiometric C-F and C-H activation of C6F6 and C6F5H by 1
Monitoring by 31 P{ 1 H} NMR spectroscopy the room temperature reaction of [Ru(IEt2Me2)2(PPh3)2H2] (1) with 10 eq of either C6F6 or C6F5H in C6H6 solution 15 showed, over the course of ca. 5 h, complete loss of starting material and the appearance of two new product peaks at  45 and 59. These were assigned to the hydride fluoride complex [Ru(IEt2Me2)2(PPh3)2HF] (2) and the pentafluorophenyl complex [Ru(IEt2Me2)2(PPh3)(C6F5)H] (3) respectively (Scheme 2). The formation of the two products, which were present after 5 h in an approximate ratio (by 31 P{ 1 H} NMR spectroscopy) of 1:0.2 from C6F6 and 1:0.5 from C6F5H, arise from competing C-F and C-H activation respectively. C-H activation proved to be reversible. Thus, addition of H2 (4 atm) to an in-situ generated mixture of 2, 3 and PPh3 led to the complete disappearance of 3 over 4 h at room temperature. In a more controlled experiment, addition of 4 atm H2 to a solution containing an isolated, crystalline sample of 3 (vide infra) and an equivalent of PPh3 led to the complete conversion of the former to a mixture of 1 and 2 within 4 h at 298 K. Generation of the latter could be rationalised following analysis of the 1 H and 19 F NMR spectra of the volatile materials from the C6F6 reaction. This revealed the presence of the hydrodefluorination products C6F5H (major species) and both 1,2,3,4-and 1,2,4,5-C6F4H2, indicating that 1 must initially activate the C-F bond in C6F6 to give 2 and C6F5H, which then proved to be at least as reactive a substrate as C6F6, undergoing C-F activation to give the tetrafluorobenzene isomers (and additional 2), as well as C-H activation to produce 3. The competitive nature of C-H activation is clearly shown by the higher ratio of 3:2 formed in the reaction of 1 with C6F5H.
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Scheme 2
Both 2 and 3 could be isolated from the reaction mixture following removal of the volatile components and recrystallization of the residue. The X-ray structure of 2 ( Figure   1 ) revealed retention of the cis arrangement of the two NHC ligands and two PPh3 groups 6 from 1 and, as a result, very little change in either Ru-C/Ru-P distances and angles. showed a broad fluoride resonance at  -354 in both THF-d8 and toluene-d8 at room temperature, although the doublet hydride splitting of ca. 52 Hz was partially resolved in the THF case. Altering the temperature over the range 248-318 K failed to resolve any further couplings, while the addition of CsF also made no effect.
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The X-ray structure of the second product, the bis-IEt2Me2 pentafluorophenyl Crystals of the red compound 4 suitable for X-ray crystallography were isolated from benzene/hexane and displayed the structure shown in Figure 3 . Most noticeable was the distorted octahedral geometry now present that resulted from an agostic interaction involving one of the NHC-Et groups occupying the site opposite the Ru-H. The need for the agostic stabilisation must reflect the instability of the five-coordinate 16e Ru(II) species upon replacing the strongly donating IEt2Me2 ligand in 3 for PPh3 in forming 4.
The agostic distances (RuC (5) previously described by our group 23 and are within the range considered to be strong interactions. 24 The Ru-C distance to the pentafluorophenyl ligand was 2.160(2) Å.
Evidence for the agostic interaction being retained in solution was apparent from small, but very clear, doublet 19 
Formation of 2 via reaction of 1 with 'HF'
In an effort to find a higher yielding route to the hydride fluoride complex 2, the reaction of 1 with Et3N·3HF (TREAT-HF) was investigated. This reagent has become quite commonplace for the formation of transition metal bifluoride ([FHF] -) complexes, 25 but has, on occasion, also produced metal fluoride species. 26 As shown in Scheme 3, 2 was formed as the sole Ru containing product upon reaction of 1 with Et3N·3HF in a strong Si-F bond in R3SiF in the process which provides the driving force for the reaction.
Scheme 4
The mixture of C-F and C-H activation products formed in the stoichiometric reaction of 1 and C6F6 suggests that the first step of a comparable catalytic cycle with 1 might be more complex, and so the individual stoichiometric reactions of 2, 3 and 4 with Et3SiH were investigated to establish the viability of the return reduction steps necessary to complete the catalytic cycle. It was found that: (i) Treatment of the hydride fluoride complex 2 with 1 eq Et3SiH led to the instantaneous reformation of 1, along with Et3SiF;
(ii) There was no reaction between 3 and Et3SiH (1.5 eq) at room temperature over 6 h, or Figure 4 shows the product distribution from the HDF of C6F6 with 10 mol% 1 carried out with Et3SiH as reductant (80 eq) in C6H6 at 363 K. The elevated temperature was adopted in an effort to both push catalysis through at a reasonable rate and also to try to drive HDF through to lower fluorine containing products, which are typically more difficult to obtain. 28 Remarkably, 1 proved capable of bringing about three and four HDF steps to a significant extent, affording 96% of the reaction mixture as isomers of tri-and difluorobenzenes over 72 h. 29 Doubling the reaction time increased the amount of 1,2-and 1,4-C6F2H4 and even generated a small amount of fluorobenzene through completion of five HDF steps, giving an overall turnover number of 37. While an in-depth study of the regioselectivity of HDF remains to be carried out, the presence of both 1,2,4, propagation of HDF to continue. While this may help to explain the bias towards more of the lower fluorine containing products with a moderate pressure of H2 shown in Figure 4 , it fails to explain the change in isomer distribution. We hope to present answers to these questions in the near future.
Experimental
General considerations
All manipulations were carried out using standard Schlenk, high vacuum and glovebox techniques. Solvents were purified using an MBraun SPS solvent system (hexane, Et2O) or under a nitrogen atmosphere from sodium benzophenone ketyl (benzene). C6D6 and C6D5CD3 were vacuum transferred from potassium. NMR spectra were recorded on Bruker Avance 400/500 and Avance III 500 MHz NMR spectrometers and referenced as [Ru(IEt2Me2)2(PPh3)(C6F5)H] (3). C6F5H (120 L, 1.1 mmol) was syringed into a J. Youngs resealable ampoule containing a hexane suspension (5 mL) of 1 (100 mg, 0.11 mmol). The reaction mixture was stirred vigorously at room temperature for 24 h to give a dark orange solid, which was isolated by cannula filtration, washed with hexane (2 Hz, NCH2CH3), 3.38 (2H, q, JHH = 7.3 Hz, NCH2CH3), br m, PC6H5 (63 L, 0.4 mmol) and C6H6 (0.1 mL) was vacuum transferred into the pressure tube, which was then put under 4 atm H2 and placed in a pre-heated oil bath at 363 K. The reaction was monitored by 19 F NMR spectroscopy after 72 and 144 h.
X-ray crystallography. Data for 2 and 4 were obtained using a Nonius Kappa CCD diffractometer, while those for 3 and 5 (see ESI) were collected using Agilent SuperNova and Agilent Excaliber diffractometers, respectively. Details of the data collections, solutions and refinements are given in Table 1 . All diffraction measurements were conducted at 150 K using Mo(K) radiation and hydride ligands were uniformly refined subject to being a distance of 1.6 Å from the relevant metal centre. Convergence was straightforward in all cases, and only exceptional details merit note. In particular, the asymmetric unit in 2 was seen to comprise one bis-carbene complex and half of a hexane molecule. The latter is proximate to an inversion centre which serves to generate the remainder. The fluoride and hydride ligands were modelled subject to being disordered with each other in a 53:47 ratio. Fractional occupancy hydride atoms were refined with a common isotropic displacement parameter. In 3, H5A, H5B and H5C were readily located and refined with the single restraint of being at a distance of 0.98 Å from C5. The structures were solved using SHELXS-97 33 and refined using full-matrix least squares in SHELXL-97. 33 Crystallographic data for compounds have been deposited with the 
